INTRODUCTION
Spinal schwannomas account for about 25% of intradural spinal cord tumors in adults 2, 4, 5, 17, 19) . Most are solitary schwannomas, which can occur throughout the spinal canal 5) . Most schwannomas are firm, encapsulated neoplasm that are composed principally of neoplastic Schwann cells. Microscopically, schwannomas are characterized by high cellularity, and relative lack of an Antoni B pattern. The "multiple" form of neurofibromas is known as von Recklinghausen's disease 3) . According to Western studies, the incidence of spinal schwannomas varies between 0.3-0.4 cases /100,000 persons per year 17) . The age of its first manifestation was usually, with exception to few cases and few sites, around the 4 th and 5 th decades and no difference of prevalence between male and female was found 2, 4, 5, 7, 17, 19) . The total excision of the lesion, which is the generally reachable goal of surgery, allows for good results in the cases in which the preoperative clinical findings are not particularly severe. We have evaluated cases of the recurrence and the proper surgical modality of our spinal 40 schwannomas.
MATERIALS AND METHODS
Between January 1995 and June 2006, 38 patients underwent surgery for spinal schwannoma at our institution. The information was collected retrospectively from medical records regarding clinical presentation, tumor location, operative findings and post-operative complications. All cases were surgically excised, and they were confirmed to be schwannomas by pathologists with histopathological sections in paraffin stained with hematoxylin-eosin. Functional outcome was assessed using the motor grade and sensory change. All patients were also examined as outpatients. Median follow-up time was 15.9 months (range 0-91 months).
RESULTS

Patient population
There were 40 spinal schwannomas in 38 patients with 22 (60%) males and 16 (40%) females. The mean age was 50.2 years (range 6-74 years). More precisely, the mean age in cervical lesions was 58.3 years, in the thoracic lesions 45.7 years, and in the lumbosacral lesions 49.9 years. Four cases were located in cervical area (10%), 11 thoracic (27.5%), and 25 lumbar Four cases were sited in the cervical spine, 11 cases in the thoracic spine, and 25 cases in the lumbar spine. Two patients showed recurrences. Thirty-eight cases were intradural-extramedullary type and 2 cases were extradural. Two cases (5%) including 1 recurred case had no postoperative motor improvement. Ninety-five percents of patients improved on postoperative motor grade. Conclusion : Spinal schwannoma is mostly benign and extramedullary tumor. There were 2 recurred cases (5%) that had history of previous subtotal removal at first operation and had shown worse prognosis compared with the cases without recurrence. To reduce the recurrence of spinal schannoma, total excision of tumor mass should be done.
lesions (62.5%). All tumors were benign and there was no Recklinghausen's Neurofibromatosis (Table 1) .
Clinical presentation
The average duration of the symptoms ranged from 1 to 84 months (mean 13.1 months). The most common initial symptom was radicular pain followed by motor weakness, voiding difficulty and myelopathy. There were radicular pain in 75 percents and local back pain in 27.5 percents (Fig. 1 ).
The median follow-up time of all cases was 15.9 month. In 36 cases, the schwannomas were intradural extramedullary in 34 cases (95%) and in 2 cases it was extradural (5%). Postoperative histological findings were schwannoma in all cases. At the time of discharge, most of the patients appeared to be significantly improved in comparison with their preoperative neurological status. Two cases (5%) were recurred locally. Both of them were lumbar lesions and had the previous history of subtotal removal. The preoperative symptoms were also segmental radiculopathy with voiding difficulty without motor weakness. One case recovered but another showed persistent symptom after second operation (Table 2) .
Operation
All of the tumors were removed surgically via partial or total laminectomy through posterior approach, and every effort was made to prevent postoperative instability. Two cases were done by laminoplasty with wires and titanium plates with screws (Fig. 3) . Total removal was achieved in 34 cases (85%) without recurrence but subtotal removal to avoid nerve damage and bleeding were done in 6 cases (15%). Among six cases, two recurrences were seen with development of symptom 12 years later.
DISCUSSION
Spinal schwannomas account for about 25% of primary intradural spinal cord tumors in adults. There is no significant prevalence difference between males and females 2, 4, 5, 17, 19) . In our series, on the contrary, we noted a somewhat higher prevalence in males, 24 cases (60.0%), with respect to females (40%). The incidence of schwannoma varies with the age of affected patients who are between the 4th and the 5th decade 10, 17) . In our series, mean age was 50.2 years and peak incidence was also between the 4th and 5th decade (Table 1) , (Fig. 2) . The tumor presents an ubiquitous evolution in the spine 16, 17) , even if a major incidence in the cervical and lumbar tracts is reported 5, [15] [16] [17] . In our study, the higher incidence was seen in the lumbo-sacral spine (62.5%) with a spike between L3 and L4 spines (32.5%). In the literature, 70 to 80% of spinal schwannomas are reported to be intradural in location, and those extending through the dural aperture as a dumbbell mass with both intradural and extradural components account for another 15% 8, 14) . Intramedullary schwannomas are extremely rare 2) . We were not able to find intramedullary schwannoma in our series.
The initial symptoms are varied in accordance with the level of the tumor. The pain is localized in one (tumor) place, sometimes spread in both sides, mostly temporarily, but constantly in the same place and hurt as a knife. At the beginning the root pain is attributed to the disturbance of nerve conductivity because of the direct or indirect irritation of nerve root or root compression by the tumor 2, 5) . Later on when compression increases to spinal cord, spinal tracts gets damaged and myelopathy develops 6, 20) . However, motor weakness rarely occurrs as an initial symptom in the lumbosacral region. Motor weakness of the lower extremity may not be obvious until the later stage, as in patients with lumbar canal stenosis. Although total resection of spinal nerve sheath tumors has been considered to be feasible 6, 20) , some cases have resected incompletely 3, 12) . There may be two obstacles to total resection : one is adhesion to the spinal cord because of hemorrhage, inflammation, or subpial localization; the other is critical structures attached to extradural components outside the spinal canal in the cervical region, such as the vertebral artery. In our study, total resection was not achieved in two cases because of these obstacles (Table 2 ). However, a good grasp of the anatomy of surrounding structures and meticulous surgical techniques could overcome these obstacles. In case of residual tumor, a long-term observation is needed 8) .
The degree of angulations during the development of kyphosis after laminectomy is highly correlated with removal of facet joints 11) . Although no facets are removed, a gradual rounded kyphosis might develop. With removal of facets bilaterally at one or more levels, acute angular kyphosis tends to occur. Unilateral facetectomy may predispose to angular kyphosis and scoliosis and angular kyphosis may lead to spinal cord compression despite the lack of recurrent tumor 11) . Osteoplastic laminoplasty for spinal cord tumors in a few children was reported by Abbott et al. 1) ; however, there were not enough data to convince the effectiveness of this procedure. Another study by Kim et al. showed that the laminoplasty prevent postoperative spinal deformities after removal of spinal cord tumors in 16 cases of laminoplasty compared with 89 cases of laminectomy 18) . Kawahara et al. performed recapping TSaw laminoplasty for spinal cord tumors in 24 patients. They reported that complications such as postoperative spinal canal stenosis, facet arthrosis, or kyphosis were not observed 9) . We experienced two cases of laminoplasty on C2-C3 and L2-L3. It could be helpful to dissect the epidural space at the time of second operation due to recurred lesion on L4 (Table 2 ), (Fig.  3, 4) . As a rule of thumb, unilateral facetectomy in adults does not require fusion for tumors in the cervical or thoracic spine but might be necessary for those located in the lumbar spine.
The outcome of schwannoma correlates to preoperative neurological condition of patient 13, 20) . The symptoms and signs of our patients improved in 95 percent (Table 3) . Total removal of neurofibromas and schwannomas that are not associated with neurofibromatosis is generally curative. However, tumors with extensive paraspinal involvement that are subtotally resected have a definite propensity to recur. Deficits resulting from sacrifice of the involved nerve roots are usually minor and well tolerated 6, 17) . Otherwise, we experienced two recurrences among 6 cases by subtotal removal to avoid the nerve roots injury.
CONCLUSION
Surgery for spinal schwannomas usually result in good postoperative functional outcomes. Although there could be recurrence in cases of previous subtotal removal, these also show good or stable prognosis. The laminoplasty will be helpful to the second operation in recurrent tumor.
